This study investigated the possible anti-inflammatory, analgesic, and antipyretic effects of ethanolic extract of Pedalium murex Linn. fruits in selected experimental animal models. Anti-inflammatory activity of Pedalium murex Linn., with doses of 200 mg/kg and 400 mg/kg, p.o., was evaluated by Lambda-carrageenan induced paw oedema in Wistar albino rats; analgesic activity with doses of 280 mg/kg and 560 mg/kg, p.o., was evaluated by hot plate method and acetic acid induced writhing method in Swiss albino mice; and antipyretic activity with doses of 110 mg/kg and 220 mg/kg, p.o., was evaluated in New Zealand white rabbits by injecting gram -ve lipopolysaccharide obtained from E. coli. Results were analysed by one way ANOVA followed by Dunnet's multiple comparison test. Pedalium murex Linn. showed significant anti-inflammatory activity from 15 min to 180 min as compared to vehicle treated animals. It was comparable to diclofenac sodium at 180 min. The extract did not prolong the reaction time on hot plate method but significantly reduced the number of writhing after acetic acid administration. Also the extract did not show any antipyretic activity on lipopolysaccharide induced pyrexia. It is therefore concluded that the ethanolic extract of Pedalium murex Linn. fruits has an anti-inflammatory and peripheral analgesic effects.
Introduction
Inflammation is the defence response of body, characterised by redness, swelling, heat, pain, and loss of function to eliminate or limit the spread of an injurious agent (Purnima et al., 2010) . It involves a cascade of events elicited by numerous stimuli that include infectious agents, ischemia, thermal and physical injury, and antigen-antibody interaction (Purnima et al., 2010) . Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used in the treatment of acute and chronic inflammation, pain, and fever. They are effective but associated with reappearance of symptoms after discontinuation. Their use is associated with adverse effects like severe gastritis, peptic ulcer, nausea, vomiting, salt and water retention, worsening of renal function in renal or cardiac and cirrhotic patients, hypersensitivity, etc. (Grosser et al., 2011) . Therefore, there is a need for screening and development of anti-inflammatory drugs which are devoid of these unwanted effects. Indigenous medicinal plants can be a source of newer anti-inflammatory and analgesic drugs. The traditional knowledge on the medicinal plants should be assessed under laboratory conditions using appropriate methodology if the traditional claims are evidencesupported (Santos et al., 2011) . The ethno pharmacological approach provides specific targets for a possible development of new plant-derived drugs. India has a rich heritage of medicinal herbs which are used by the local population and traditional practitioners for the treatment of several conditions. Pedalium murex Linn. belongs to the family Pedaliaceae. It is commonly known as Bada Gokhru in India and distributed in the coastal areas of south India (Nadkarni, 1982) . Pedalium murex (P. murex) Linn. is used traditionally for various ailments in India and has been investigated for its antiulcerogenic, nephroprotective, hypolipidemic, aphrodisiac, antioxidant, antimicrobial and insecticidal properties (Patel et al., 2011a,b) . Phytochemical analysis of alcoholic extract of P. ). The aqueous extract of the whole plant has been found to possess analgesic and anti-inflammatory properties . However, there have been no other published reports on the anti-inflammatory, analgesic, and antipyretic activities of ethanolic extract of P. murex Linn. fruits. The present study was aimed at evaluating the possible anti-inflammatory, analgesic, and antipyretic effects of ethanolic extract of P. murex Linn. fruits.
Materials and methods

Experimental animals
Wistar albino rats (150-250 gm), Swiss albino mice (20-40 gm) , and New Zealand white rabbits (1.5-2 kg) were used for anti-inflammatory, analgesic, and antipyretic activity, respectively. They were kept in standard laboratory condition with 12-12 hr light/dark cycle. The experimental animals were given standard laboratory diet and water ad libitum. Food was withdrawn 12 hr before and during the experiments. The study protocol was approved by the Institutional Animal Ethics
Analgesic activity Hot plate method
Hot plate method was performed as described by Eddy and Leimbach (Eddy & Leimbach, 1953) . The pre-screened Swiss albino mice showed the reaction time of 3 to 5 sec and were divided into 4 groups (n=6 in each group). Group 1-Negative control (distilled water 10 ml/kg, p.o.) Group 2-Positive control (morphine sulphate 5 mg/kg, s.c.)
The hot plate which consisted of an electrically heated surface (copper plate) was used for this procedure. The temperature was controlled for 55 ± 1 °C. The animals were placed on the hot plate and the reaction time was recorded by a stop-watch till the animal showed licking or jumping movements. The cut off time was considered as 15 sec. The reaction time was recorded at 0, 20, 60, and 90 min following administration of the test drug. Percentage of the prolongation of the reaction time was calculated using the formula: % Prolongation of the reaction time = (R c -R t /R c ) x 100 (Where R t represents the mean increase in reaction time in mice treated with test drug, and R c represents the mean increase in reaction time in control group).
Acetic acid induced writhing method
This activity was performed by the method of Dambisya and Lee (Dambisya and Lee, 1995) . Swiss albino mice were divided into four groups (n=6 in each group). Group 1-Negative control (distilled water 10 ml/kg, p.o.) Group 2-Positive control (diclofenac sodium 35 mg/kg, p.o.) Group 3-P. murex (280 mg/kg, p.o.) Group 4-P. murex (560 mg/kg, p.o.)
Control and test drug were administered orally. 0.6% w/v acetic acid (10 ml/kg) was injected intraperitoneally 30 min after the drug administration. The number of writhes was counted over the 10 min duration after the acetic acid administration. A reduction in the number of writhes compared to the control animals was considered as an index of analgesic activity. Video recording of the whole procedure was done. Percentage of inhibition of writhing was calculated using the formula:
Statistical analysis
Results were analysed by one way ANOVA followed by Dunnet's multiple comparison test to determine the significance of the difference between the control group and experimental animals treated with test drug for antiinflammatory, analgesic, and antipyretic groups. All statistical calculations were carried out using Graph Pad Prism 5.04 (Trial version) statistical software. p<0.05 was considered as statistically significant.
Results
Anti-inflammatory activity
P. murex Linn. and diclofenac sodium produced significant inhibition of paw oedema as compared to vehicle control group. P. murex Linn. showed more earlier response than diclofenac sodium (15 min vs. 60 min). Mean percentage of inhibition in P. murex Linn. treated groups with 200mg/kg (65.87%) and 400mg/kg (53.37%) doses were comparable to diclofenac sodium treated group (71.63%) at 180 min (Figure 1 ).
Analgesic activity Hot plate method
There was no significant difference in the reaction time between different groups at 0 min. Morphine showed the earlier response on 20 min observation. Maximum effect was reached at 1 hr. P. murex Linn. 280 mg/kg and 560 mg/kg did not show significant effect on this model. Maximum percentage of prolongation with morphine and P. murex Linn. was 128.57 and 35.14 respectively (Figure 2 ).
Acetic acid induced writhing method
P. murex Linn. and diclofenac sodium significantly reduced the number of writhes. However, effect was higher in diclofenac sodium treated mice (91.80%) than those treated with P. murex Linn. 200 mg/kg (72.13%) and 400 mg/kg (62.30%) doses (Figure 3 ).
Antipyretic activity
Intravenous injection of lipopolysaccharide from E. coli increased the rectal temperature of control rabbits from baseline value of 39.75 to 40.63 °C (Δ 0.88 °C) at 1.5 hr after administration. It reached to peak temperature of 41.17 °C at 3 hr (Δ 1.42 °C). Diclofenac sodium had significantly reduced the rectal temperature at 2.5 and 3 hrs. P. murex Linn. 110 mg/kg and 220 mg/kg did not show significant antipyretic effect at any time interval (Figure 4 
Discussion
Lambda-carrageenan induced hind paw oedema is the standard experimental model of acute inflammation. It exhibits a high degree of reproducibility. Lambda-carrageenan is not known to be antigenic and is devoid of apparent systemic effects. It induces a local inflammation characterised by increased vascular permeability, oedema, and neutrophil extravasations (Gamache et al., 1986) . Lambda-carrageenan induced oedema is a biphasic response. The first phase is mediated through the release of histamine, serotonin, and kinins which last for 1 hr. The second phase is related to the release of prostaglandins, lysosome, bradykinins, and protease which last from the next 1 to 3 hrs (Purnima et al., 2010) . p. murex Linn. had shown the significant anti-inflammatory activity in this model. p. murex Linn. showed the earlier response at 15 min following the Lambda-carrageenan administration as compared to diclofenac sodium. It suggests that p. murex Linn. may have effect on the release of histamine, serotonin, and kinins. However, no dose dependent effect was seen on the early phase of inflammation by p. murex Linn. It had also shown the significant effect on the late phase of inflammation by Lambda-carrageenan. This is probably due to its effect on the prostaglandin related mechanisms. Mean percentage of reduction was comparable to diclofenac sodium pre-treated animals.
Inflammatory activity of Lambda-carrageenan is accompanied by the elevation in the free radicals level (Gamache et al., 1986) . Nitric oxide (NO) is also the key mediator of early and late phase of inflammation (Salvemini et al., 1996) . During the early phase, histamine, serotonin, and kinins release NO through activation of constitutive nitric oxide synthase (c-NOS). NO is the final common mediator of early phase of inflammation. Later on, it is released by inducible nitric oxide synthase (i-NOS) which is responsible for the late phase of inflammation. Nitric oxide synthase (NOS) and cyclo-oxygenase (COX) work together for inflammatory response. NO also leads to exaggerated production of COX (Salvemini et al., 1996) . Alcoholic extract of p. murex Linn. fruits has shown strong nitric oxide [(200.57 ± 4.51) µg/ml], 2,2-diphenyl-1-picrylhydrazyl (DPPH) [(135.11 ± 2.95) µg/ml], hydrogen peroxide [(217.91 ± 6.12) µg/ml], and hydroxyl radical [(250.01 ± 4.68) µg/ml] scavenging activity (Patel et al., 2011b) .
Anti-inflammatory effect of p. murex Linn. could have also been due to its anti-oxidant activity. p. murex Linn. contains polyphenolics like phenolic acids and flavonoids resides (Patel et al., 2011a) . Flavanoids and dietary phenolics inhibit mammalian 5-lipoxygenage and cyclo-oxygenase enzymes (Laughton et al., 1991) . Nitric oxide molecules are directly scavenged by flavonoids. This process plays a role in the therapeutic effects of flavonoids (Nijveldt et al., 2001 ). Flavanoids also reduces release of arachidonic acid, which is a starting point for a general inflammatory response. It inhibits eicosanoid biosynthesis and neutrophil degranulation (Nijveldt et al., 2001) .
Analgesic activities of p. murex Linn. were evaluated by the hot plate method and acetic acid induced writhing methods. These methods allow the analysis of central and peripherally mediated antinociceptive responses respectively. p murex Linn. did not show any significant prolongation of the reaction time in hot plate method. NSAIDs also show the comparatively less effect than opioids in this model. It has reduced the number of writhes due to administration of acetic acid and effect was comparable to diclofenac sodium. However, the effect of both doses of P. murex Linn. was similar. Higher effect on the acetic acid-induced writhing than on the hot plate method suggests that it has a more predominant peripheral than the central analgesic effect and that the extract is working through non-opioid mechanism (Purnima et al., 2010) . Bradykinin, neurokinins, and prostanoids are known mediators for acetic acid-induced writhing (Ikeda et al., 2001) . Brief changes in the activity of neuronal NOS induce both long-, as well as, short-term changes in nociception in acetic acidinduced writhing in mice. Doses of nitric oxide synthase inhibitors had no effect on hot plate or tail flick latencies and inhibited acetic acid-induced writhing when administered before testing (Larson et al., 2000) . Peripheral analgesic effect of p. murex Linn. could be due to its anti-oxidant effect. Reactive oxygen species such as superoxide and hydroxyl radical play a prominent role in the stimulation, propagation, and maintenance of inflammation, as well as pain causing tissue damage. Antioxidants, either by preventing the formation of oxygen free radicals or by scavenging them, reduce the inflammation and the associated pain (Dar et al., 2005; Cuzzocrea et al., 2001 ). Lipopolysaccharide elevates the body temperature by increasing the pro-inflammatory cytokines which induce the production of PGE 2 . It binds to PGE 2 receptors on thermoregulatory neurons in the hypothalamus (Nilsberth et al., 2009 ). There are conflicting reports of the role of nitric oxide on fever. Riedel (1997) had reported antipyretic effect of nitric oxide, while Soszynski (2001) had reported that elevation of nitric oxide formation is involved in lipopolysccharide-induced fever (Riedel, 1997; Soszynski, 2001 ). NSAIDs produce antipyretic action through inhibition of PGE 2 in hypothalamus. The results obtained in this study suggest that the ethanolic extract of p. murex Linn. fruits does not have any antipyretic activity. This may be due to lack of central activity of P. murex Linn. fruits.
This study has several limitations. Further studies can be performed to identify the effects of ethanolic extract of p. murex Linn. fruits on chronic inflammation and other analgesic models, its mechanism of action, and active ingredient.
Conclusion
Ethanolic extract of p murex Linn. fruits has shown from this study that it possesses anti-inflammatory and analgesic effects without any antipyretic activity.
